To analyse the current difference between dismembered robot-assisted pyeloplasty (RAP) and laparoscopic pyeloplasty (LP) in the treatment of pelvi-ureteric junction (PUJ) obstruction as of 26 June 2017, focusing on operating time, length of hospital stay, complication rate, and success rate.
Results
From 4101 identified articles, 17 studies meeting our eligibility criteria were included for data extraction. All were observational studies, with 10 deemed to be of low quality. Meta-analysis showed that RAP resulted in a 27-min shorter operating time (weighted mean difference [WMD] À26.71 min, 95% confidence interval [CI] À44.42 to À9.00; P = 0.003) and a 1.2-day shorter length of hospital stay (WMD À1.21 days, 95% CI À1.84 to À0.57; P = 0.003). The quality of evidence for these outcomes was rated as very low.
Significant heterogeneity was found when analysing operating time (P < 0.001) and length of hospital stay (P < 0.001), which could not be fully explained through subgroup analyses. We also identified other potentially significant sources of bias for which we could not adjust our analysis. RAP was also associated with a lower complication rate (odds ratio [OR] 0.56, 95% CI 0.37 to 0.84; P = 0.005) and higher success rate (OR 2.76, 95% CI 1.30 to 5.88; P = 0.008); however, whether statistical advantages for these two outcomes translated into clinically significant advantages was unclear. The quality of evidence for these outcomes was rated as low.
Conclusion
For patients with PUJ obstruction, our meta-analyses show that RAP is advantageous concerning operating time, length of hospital stay, complication rate and success rate. Our conclusions, however, are weakened by poor quality of evidence and significant study heterogeneity. In addition, whether the statistical significance observed in the present meta-analysis translates into clinical significance is an important question. Further high-quality studies, particularly randomized controlled trials, are necessary to strengthen conclusions.
Introduction
First performed in 1993, laparoscopic pyeloplasty (LP) has become regarded as superior to open pyeloplasty in treating PUJ obstruction [1, 2] . Perceived advantages of LP over the open approach include reduced complication rates, perioperative pain and hospital stays, and improved cosmesis.
Robot-assisted pyeloplasty (RAP) was first performed on human subjects in 2002 [3] . The use of robotics in surgery, including pyeloplasty, has increased in recent years. Robotic surgery carries several perceived advantages over laparoscopy, including greater range of motion, tremor reduction, motion scaling, and three-dimensional vision.
Despite these advantages, there are few data on RAP because of the paucity of pyeloplasty operations and the novelty of robotics. Even fewer studies have compared LP with RAP. Assessing the advantages of one approach over the other has therefore proven difficult. Three previous systematic reviews comparing LP and RAP have been published, with contrasting results [4] [5] [6] ; however, none of these reviews focused exclusively on the dismembered technique. Regardless of approach, the dismembered technique is the most popular pyeloplasty technique owing to its excellent exposure and easy application to the majority of obstructions [7] .
The aim of the present systematic review with meta-analysis was to critically analyse the current difference between dismembered LP and RAP in patients with PUJ obstruction as of 26 June 2017, focusing on operating time, length of hospital stay, complication rate and success rate.
This study was registered with PROSPERO (42017056676).
Patients and Methods

Search Strategy
A systematic literature search was performed on 26 June 2017. Article selection proceeded according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) criteria. Three reviewers (A.L., S.K., S.M.) assessed the eligibility of and extracted data from each included study. Any disagreement was settled by consensus.
We searched the PubMed, Medline and Embase databases for articles published between 1993 and 26 June 2017. The following search terms were used: 'laparoscopic pyeloplasty', 'robotic pyeloplasty', 'robotic-assisted pyeloplasty', 'ureteropelvic junction obstruction', 'pelviureteric junction obstruction', 'pelvi-ureteric junction obstruction', 'dismembered pyeloplasty' and 'Anderson-Hynes'. A search strategy using these terms was devised (Appendix 1). We also consulted experts, reviewed reference lists from eligible studies, used the 'related articles' PubMed feature, and reviewed scientific meeting abstracts.
Inclusion Criteria
Only studies in English that compared the dismembered technique in LP and RAP were included. This included studies analysing adult patients, paediatric patients, or both. Other inclusion criteria were primary repair pyeloplasty, repeat pyeloplasty, and pyeloplasty in patients with complex renal anatomy, for example, horseshoe kidney. If multiple studies from the same institution or authors were discovered, only the most recent publication was considered for inclusion to avoid patient overlapping.
Exclusion Criteria
Articles focusing only on patient preparation, preoperative imaging studies, technical notes, specific instrumentation, surgeon learning curve or cost analysis were excluded. Studies comparing open pyeloplasty, endoscopic procedures or nondismembered techniques were excluded too. We also excluded studies in other languages, review articles, commentaries, case reports, letters to editors, and scientific meeting abstracts.
Data Extraction
Data were extracted from each study using a predefined single data extraction spreadsheet. In cases of missing or incomplete data, the corresponding authors were contacted. Outcome measures investigated include success rate, complication rate, operating time, and length of hospital stay. Operating time was defined as the total time in the operating room, including surgical, anaesthetic, and equipment setup times. Complication rate referred to any complication reported peri-operatively or postoperatively. Complications were also classified using Clavien-Dindo grades [8] . Success rate referred to both the relief of related symptoms and resolution of obstruction on diuretic renogram.
Risk-of-Bias Assessment
A modified Newcastle-Ottawa scale (maximum score 7) was used to assess the methodological quality of all included studies, as has been used in previous reviews [4, 5, 9] . High methodological quality was defined as a score of ≥5, whilst low methodological quality was defined as a score of ≤4. Quality assessment was carried out by two authors (S.K., S.M.). Any disagreement was resolved by consensus. Publication bias was assessed for using a funnel plot.
Subgroup Analyses
We hypothesized a priori that certain variables may affect the direction and magnitude of effects calculated. The following subgroups were analysed: (1) patient age group (adult or paediatric); (2) single-or multisurgeon experience; (3) presence or absence of complex renal anatomy; (4) methodological quality of studies (high or low, assessed using a modified Newcastle-Ottawa scale); (5) Clavien-Dindo classification of postoperative complications (complication rate only); and (6) follow-up time (success rate only).
Statistical Analysis
For the continuous outcomes of operating time (min) and length of hospital stay (days), weighted mean differences (WMD) were calculated. For the dichotomous outcomes of success and complication rates (events per group), odds ratios (ORs) were calculated. The chi-squared test was used to assess statistical heterogeneity, with P values <0.10 indicating heterogeneity. Where there was a lack of heterogeneity, fixedeffects models were used. Random-effects models were used when heterogeneity was present. All statistical analysis was performed using Review Manager software (v.5.3, 2014; Cochrane Initiative).
Results
Study Characteristics
Our search strategies identified 4101 articles, with 17 full-text studies meeting our eligibility criteria to be included in the present review (Fig. 1) [3, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . The authors of one study, on request for further data, provided eligible primary patient data collected prospectively since their original publication [20] . These unpublished data have been summated with the data of the original study. Table 1 shows the characteristics of included studies. All 17 were observational studies [2, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Thirteen studies had a retrospective design [3, [11] [12] [13] [14] [15] [16] [17] [18] [22] [23] [24] [25] , three were prospective [10, 19, 20] , and one used both retrospective and prospective data collection [21] . Two studies reported patient matching [3, 21] . Six studies used one surgeon to perform all surgeries [3, 10, 12, 14, 17, 21] . Seven studies reported on adult patients [3, 10, [12] [13] [14] 19, 21] , six studies reported on paediatric patients [15, 18, [22] [23] [24] [25] , whilst three studies reported on a mixture of both patients [16, 17, 20] . One study did not report patient age group [11] . Table 1 also presents the methodological quality of each study, as assessed using a modified Newcastle-Ottawa Scale. Seven studies were of high quality [3, 10, 11, 14, 17, 19, 21] , whilst 10 studies were of low quality [12, 13, 15, 16, 18, 20, [22] [23] [24] [25] .
The data extraction form is presented in Table 2 .
Not all 17 articles could be included in each meta-analysis because of missing or incomplete data, despite contacting corresponding authors. Two articles were excluded from our analysis for operating time, with one article not reporting on this outcome [11] , and one article only including one patient who underwent RAP [13] . Four articles were excluded from the meta-analysis for length of hospital stay, as two articles did not report on this outcome [10, 11] , one did not provide a standard deviation or range [17] , and one only included a single patient who underwent RAP [13] . Two articles were excluded from the meta-analysis for complication rate, one not reporting on this outcome [11] , and one not reporting these data in a suitable manner [21] . Three articles were excluded from the meta-analysis for success rate because they did not conform to our definition of success [3, 17, 20] .
Operating Time
Fifteen studies were included in the meta-analysis of operating time (Fig. 2) . Four studies reported similar operating times for the two approaches [16, 19, 22, 24] . In eight studies RAP operating time was significantly shorter [3, 12, 15, 17, 18, 20, 21, 23] . Three studies indicated that LP operating time was significantly shorter [10, 14, 25] . The metaanalysis showed that RAP involved a 27-min shorter operating time than LP (random-effects model WMD À26.71 min, 95% CI À44.42 to À9.00; P = 0.003).
Length of Hospital Stay
Thirteen studies were included in the meta-analysis of length of hospital stay (Fig. 3) . Two studies indicated similar lengths of hospital stay between approaches [14, 15] . One study reported reported equal length of hospital stay for all patients in both groups [3] . Nine studies reported significantly shorter hospital stays for patients undergoing RAP than for those undergoing LP [12, 16, [19] [20] [21] [22] [23] [24] [25] . One study, in contrast, reported significantly shorter hospital stays for the LP vs the RAP group [18] . Meta-analysis determined that RAP had a significantly shorter hospital stay of 1.21 days than LP (random-effects model WMD À1.21 days, 95% CI À1.84 to À0.57; P < 0.001).
Complication Rate
Fifteen studies were included in the meta-analysis of complication rate (Fig. 4) . Ten studies reported similar complication rates between approaches [10, 12, 14, 15, [18] [19] [20] 22, 23, 25] . Four studies reported complication rates of 0% for both groups [3, 13, 16, 17] . One study reported a significantly lower complication rate for RAP than LP [24] . No study reported a significantly lower complication rate for LP. The present meta-analysis showed that RAP was associated with a significantly lower complication rate than LP (fixed-effects model OR 0.56, 95% CI 0.37 to 0.84; P = 0.005).
Success Rate
Fourteen studies were included in the meta-analysis of success rates (Fig. 5) . Twelve studies reported similar success rates in the two approaches [11] [12] [13] [14] 16, 18, 19, [21] [22] [23] [24] [25] . One study reported 100% success rates for both RAP and LP [15] .
No study reported a signficantly higher success rate for either approach. The meta-analysis showed that RAP had a significantly higher success rate than LP (fixed-effects model OR 2.76, 95% CI 1.30 to 5.88; P = 0.008)
Heterogeneity and Subgroup Analyses
To investigate sources of heterogeneity, we performed subgroup analyses (Table 3) . No significant heterogeneity was present when analysing complication rate (P = 0.77, I 2 = 0%) and success rate (P = 0.95, I 2 = 0%), with all subgroups analysed for these outcomes having results consistent with the overall effects; however, only subgroups examining paediatric patients (P = 0.007), multisurgeon experiences (P = 0.02), and the absence of complex renal anatomy (P = 0.07) demonstrated results consistent with the overall complication rate effect (P = 0.005).
Only subgroups examining paediatric patients (P = 0.04), multisurgeon experiences (P = 0.03), the absence of complex renal anatomy (P = 0.01), low quality (P = 0.03), and follow-up duration ≥12 months (P = 0.02) had an effect that was consistent with the overall success rate effect (P = 0.008).
We detected significant heterogeneity when analysing operating time (P < 0.001, I 2 = 95%) and length of hospital stay (P < 0.001, I 2 = 94%). Operating time became statistically similar for studies analysing only adult patients (P = 0.12), only paediatric patients (P = 0.1), singlesurgeon experience (P = 0.17), the presence of complex renal anatomy (all were horseshoe kidney; P = 0.09), and high methodological quality (P = 0.25). Despite performing these subgroup analyses, there remained significant heterogeneity that could not be explained based on our data.
Regarding length of hospital stay, subgroup analyses showed a result consistent with the overall effect (P < 0.001), with the exception of studies reporting a single-surgeon experience (P = 0.12); however this subgroup was unable to Table 1 Characteristics of included studies, including quality assessment by a modified Newcastle-Ottawa Scale. HK, horseshoe kidney; LP, laparoscopic pyeloplasty; NR, not reported; RAP, robot-assisted pyeloplasty; REP, retroperitoneal; TP, transperitoneal; US, ultrasonography. AE refers to standard deviation. Numbers in brackets refers to the range.
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© 2018 The Authors BJU International © 2018 BJU International explain the significant heterogeneity regarding this outcome (P = 0.003, I 2 = 83%). By contrast, subgroups analysing adult patients only (P = 0.14, I 2 = 45%), the presence of complex renal anatomy (P < 0.22, I 2 = 33%), and papers of high quality (P = 0.42, I 2 = 0%) had non-heterogenous results.
Publication Bias
We kept publication bias to a minimum with our comprehensive search strategy. We also did not find any evidence of publication bias on inspection of funnel plots; therefore, we have only shown one funnel plot of success rates for RAP vs LP (Fig. 6 ).
Summary of Findings
Data regarding the four outcomes assessed in the present review, including quality of evidence assessment according to the GRADE system are summarized in Table 4 [26] . The quality of evidence for operating time and length of hospital stay was rated as very low, whilst the quality of evidence for complication rate and success rate was rated as low.
Discussion
Previous Systematic Reviews
Three previous systematic reviews comparing RAP with LP have been published [4] [5] [6] . Two found significantly shorter length of hospital stays for RAP [4, 5] and the most recent study found significantly shorter operating times for RAP [6] . No study found significant differences in complication or success rates. We believe the present review is the first to compare the dismembered technique exclusively in the context of RAP and LP.
Operating Time
Our meta-analysis of operating time showed a 27-min shorter time for RAP (P = 0.003). Easier intracorporeal suturing is a putative ergonomic advantage of robotics, and seven studies concluded that RAP needed less time to suture the pelviureteric anastomosis [3, 10, 12, 18, 19, 22, 23] .
By contrast, one study reported prolonged times for other parts of RAP; for example, colon reflection. This was attributable to the robotic arms being designed for precise rather than gross movements [3] . Furthermore, RAP incurs
Study or Subgroup
Danuser et al. [20] 181 Fig. 2 Meta-analysis of operating time using a random-effects model.
Danuser et al. [20] 5. Test for overall effect: Z = 0.14 (P = 0.89) García-Galisteo et al., 2011 [12] Events Total Events Total Weight M-H, Fixed , 95% CI M-H, Fixed, 95% CI Year Fig. 4 Meta-analysis of complication rate using a fixed-effects model, including a subgroup analysis based on Clavien-Dindo grades [8] .
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Learning curve is important too, with seven studies [12, 15, 17, 18, [21] [22] [23] reporting a steeper learning curve for LP compared with RAP. This may explain prolonged LP operating time. Studies using a single surgeon had similar operating times for the two approaches (P = 0.17), which may reflect prior LP experience reducing any advantage that RAP brings regarding operating time.
Whilst most studies did not discuss how either approach was chosen [10, 11, 13, 19, [22] [23] [24] , five studies [3, 12, 14, 18, 20] performed LP initially then switched to RAP once robotics became available. This prior LP experience may have led to a shorter RAP learning curve, and subsequently shorter operating times.
The RAP learning curve is still significant, however, with one study that reported on its centre's first RAP cases noting shortening operating times with experience [25] . Previous meta-analyses in 2009, 2013 and 2014 indicated 10-min, 19-min, and 28-min shorter operating times, respectively, for RAP [4] [5] [6] . This trend may reflect improvement in the use of robotics that comes with experience. Large variations in how surgeon experience was reported [11] [12] [13] [14] [15] [16] 20, 22, 25] , with many studies not reporting on it at all [3, 10, [17] [18] [19] 21, 23, 24] , precluded subgroup analysis to explore this variable further.
Subgroup analyses examining adult patients (P = 0.12) and paediatric patients (P = 0.1) showed effects that differed from the overall effect. Because of differences in absolute operating times between adult and paediatric patients, this suggests that comparison of adult and paediatric operating times together may give a misleading overall result. Nonetheless, we were surprised that paediatric operating times were similar because paediatric RAP involves the difficulty of using large robotic arms around a small patient.
The presence of complex renal anatomy (P = 0.09) also led to an effect that differed from the overall effect. The presence of horseshoe kidney may change the nature of the operation such that it reduces any advantage RAP has regarding operating time .
In addition, high-quality studies also reported similar operating times (P = 0.25). The inclusion of low-quality [25] Subtotal (95% Cl) Total events Heterogeneity: Chi 2 = 4.14, df = 10 (P = 0.94); I 2 = 0% Test for overall effect: Z = 2.27 (P = 0.02) When analysing operating time, our meta-analysis revealed significant heterogeneity (I 2 = 95%). Indeed, there were conflicting outcomes regarding which approach was superior for this outcome (Fig. 2) . Subgroup analyses suggested that only studies reporting on patients with horseshoe kidney may partly explain this (I 2 = 66%). As discussed, differences in surgeon experience may contribute to large variations in operating time, particularly suturing time [19] . Considering this and the aforementioned factors, the 27-min overall reduction should be interpreted with caution. Furthermore, the quality of evidence for this outcome was rated as very low (Table 4) .
Length of Hospital Stay
The meta-analysis performed for length of hospital stay indicated that RAP led to a 1.2-day shorter stay compared with LP (P < 0.001). RAP uses smaller incisions, and robotics provides superior precision, which may explain the lesser postoperative pain and shorter convalescence associated with RAP [18, 25] . Furthermore, the ergonomic advantages of robotics may increase a surgeon's confidence in the quality of their reconstructive anastomosis. This may lead to avoidance of drain placement, or reduced rates of prolonged drain placement, and therefore a shorter hospital stay [22] . Shorter hospital stays may also be attributable to the significantly lower complication rate after RAP (Fig. 4) [24] .
Subgroup analyses indicated effects consistent with the overall effect, apart from studies using a single surgeon, where length of hospital stay was similar in the two approaches (P = 0.12). This may be attributable to significant experience and similar clinical practice by single surgeons compared with studies where several surgeons were used.
Significant heterogeneity was also noted when analysing length of hospital stay (I 2 = 94%). This may be explained by high-quality studies (I 2 = 0%), studies on adult patients (I 2 = 45%), and studies involving patients with horseshoe kidney (I 2 = 33%). Confounding factors for which it was difficult to adjust the analysis may also be important; for example, variations in practices between hospitals, countries and time periods, and the demands of individual patients or their parents.
The quality of evidence for this outcome was also rated as very low (Table 4 ). In light of these factors, care must be taken when interpreting the results for length of hospital stay.
Complication and Success Rates
In our meta-analyses, RAP had a significantly lower complication rate (P = 0.005) and significantly higher success rate (P = 0.008). In previous meta-analyses where success and complication rates were similar in the two groups, these were not surprising findings [4] [5] [6] . RAP and LP both aim to replicate the already impressive success rates of open pyeloplasty. The success rates for RAP and LP in included studies are indeed very high, usually exceeding 90%. In addition, LP has very low complication rates, so there was little for RAP to improve on; therefore, whilst our metaanalysis showed overall benefit for RAP for these two outcomes, we question whether this statistical advantage translates into a clinically significant advantage. Furthermore, the quality of evidence for both outcomes was rated as low (Table 4) .
When we stratified our complication rate analysis using Clavien-Dindo grades [8] , we noticed similar rates in the two approaches for each grade. With both approaches having low complication rates, this similarity probably indicates a lack of statistical power. Whilst this reinforces the need for further studies, the results do also suggest neither approach is associated with any particular Clavien-Dindo grade. Importantly, there were no reports of grade IV or V complications.
Recurrent obstructions tend to occur within the first postoperative year [27] [28] [29] [30] , therefore, we divided studies into those with a mean follow-up duration of at least 12 months, and those with a shorter follow-up. Our analysis showed that studies with at least 12 months' follow-up had a result consistent with the overall effect (P = 0.02). Interestingly, when we used 18 months as the cut-off duration, there was no significant difference between approaches in both subgroups. Despite this, failure can still present up to 6 years postoperatively [30] , hence further high-quality studies with longer follow-up are required to assess long-term success rates. Indeed, the follow-up period of included studies tended to range from 12 to 24 months, with no study having a mean follow-up period exceeding 36 and 45 months for RAP and LP respectively. Adult patients were deemed to have similar complication and success rates between approaches (P = 0.09 and P = 0.51, respectively). This was in contrast to paediatric patients, who demonstrated complication and success rates consistent with the overall effect (P = 0.007 and P = 0.04, respectively). Whilst this suggests no advantage for RAP in adult patients, we were surprised that RAP appears to have better success and complication rates in paediatric patients. As discussed, robotic surgery involves particular challenges in young patients, including a smaller intraabdominal working space, smaller instruments, and smaller suture material [15, 22] .
Studies reporting on complex renal anatomy reported similar success and complication rates in the two approaches (P = 0.29 and P = 0.65, respectively), suggesting no advantage for RAP in these patients; however, only nine patients in the included studies had a horseshoe kidney. The paucity of complex renal anatomy cases may preclude significant quantitative comparative study. A measurement of safety in such patients is certainly crucial, so a qualitative assessment may be more practical.
Studies using a single surgeon also reported similar complication and success rates (P = 0.12 and P = 0.68). This could reflect a lack of statistical power, but may also reflect these surgeons having prior laparoscopy experience such that robotic surgery does not provide a significant improvement in surgery quality or safety.
Limitations
The present systematic review has several limitations. As with previous reviews, the major limitation is the lack of randomized controlled trials (RCTs) available in the literature [4] [5] [6] . RCTs are the 'gold standard' for comparing interventions. The lack of RCTs is probably attributable to intrinsic difficulties with randomization and blinding with surgical procedures. Instead, all studies included were observational studies, the majority of which were retrospective. Although we attempted to reduce methodological heterogeneity through our rigid eligibility criteria, 10 of 17 studies were still deemed to have low methodological quality. When studies of high quality were analysed separately, operating time, complication rate and success rate differed from the overall result. This suggests low-quality studies may have introduced bias that altered the overall effects. Other sources of bias include centres and surgeons with an existing but unexplained preference towards one approach [16, 25] , using multiple surgeons [13,15,16,18- The GRADE system was used to assess quality of evidence [26] .
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© 2018 The Authors BJU International © 2018 BJU International 20, [22] [23] [24] [25] , and variations in clinical practice. Furthermore, five studies were at centres that switched from LP to RAP once robotics became available [3, 12, 14, 18, 20] . Some of the differences we report may therefore be attributable to both the greater experience of surgeons when commencing RAP having previously performed LP, and changes in clinical practice at that centre over time. Such bias may have also led to the hetereogenity observed in the present results for operating time and length of hospital stay, a factor that weakened our conclusions on these outcomes. Overall, we were only able to rate the quality of our conclusions as very low for operating time and length of hospital stay, and low for complication rate and success rate (Table 4 ) [26] .
Another limitation is the absence of data. Despite a comprehensive search strategy, we could only identify 17 eligible studies, with fewer studies still included for each meta-analysis. In addition, during data collection, 13 potentially eligible full-text articles could not be retrieved (Fig. 1) . Moreover, although one author provided us with unpublished data [20] , we were unable to identify any further unpublished data. This included contacting corresponding authors of included studies for missing or incomplete data. Although we did not identify any publication bias, acquisition of more unpublished data would no doubt strengthen conclusions
In addition, we noted that studies varied widely in how operative success was assessed (Table 2) . We addressed this problem by only including studies that used both symptomatic relief and diuretic renogram to assess success, but consequently three studies had to be excluded from our analysis of success rate [3, 10, 17] .
We also initially wished to conduct a subgroup analysis by dividing studies based on whether a transperitoneal or retroperitoneal dismembered technique was used. Only one study reported use of the retroperitoneal approach, but did not provide separate LP and RAP data regarding approach, hence this precluded subsequent analysis [24] . Furthermore, both a lack of data and wide variation in how surgeon experience was reported precluded further analysis of this variable too.
Although we did not focus on financial factors, another limitation is the absence of a cost analysis. Cost is a disadvantage of robotics, but a cost analysis was performed in only one of the studies included [10] . Certainly, cost may be a large factor when determining whether the statistical advantages for RAP we have presented translate into clinically significant advantages.
In conclusion, using meta-analysis to compare dismembered RAP and LP for management of PUJ obstruction, RAP was superior in regard to operating time, length of hospital stay, complication rate and success rate. Our results for operating time and length of hospital stay were both rated as having very low quality of evidence. Analyses of these two outcomes also showed significant heterogeneity that could not be fully explained through subgroup analyses. Given this and other important sources of bias, these results must be interpreted with caution. Whilst this is the first meta-analysis to demonstrate advantages for RAP regarding complication and success rates, both results were rated as having low quality of evidence. Beyond this, it must be considered whether our statistical results for these two outcomes represents a clinically significant advantage, as LP already has excellent complication and success rates.
Further high-quality data, particularly from RCTs, is essential to strengthen conclusions.
